The aim of this study is to identify human factor issues related to the shared control system. With the rapid development of machine and robot technology, an enormous number of system introduces the human-machine cooperation to reduce physical and psychological workload. In the shared control system, which is one type of the human-machine cooperation, the machine agent senses the environment and then autonomously takes the initiative to choose its activity responding to the environment. There are many human factor issues in this kind of system. However, most of the research on the shared control system is focused on the performance improvement of the machine, not on human factor issues. Literature review was conducted to collect and understand the academic literature that containing information about the shared control system. The topic varies from defining the shared control system to evaluating the system. Collected problems and guidelines are classified from the perspective of the human agent. Control authority, trust, workload and performance are frequently appeared issues. In addition, it is found that there are relationships between issues. By considering the derived human factor issues in the system design step, it is possible to develop more effective the shared control system. The result of this study can be applied to other types of human-machine cooperation system.
Introduction
Machine means any kind of dynamic technical system (Johannsen, 2009) . Machine have different characteristics from human. For example, machine does not have feelings and emotions. In addition, machine works according to only what they are taught (Prabhat, 2010) . By combining human and machine's characteristics, the synergy effect can be obtained. For this reason, human-machine interaction has been applied to various fields. In recent days, with the development of various techniques, the cooperation of human and machines are implemented in wider fields to improve safety, quality and efficiency (Johannsen, 2009 ).
Human-machine interaction can be classified into several stages according to the way human and machine cooperate, the degree of automation of the machine etc.
In terms of cooperation, human agent and machine agent are said to cooperate when following two conditions are met (Hoc, 2001; Hoc, 1996; Millot & Hoc, 1997) . First, human and machine agents work for the common goal. They can also intervene in each other's work. Second, intervention should make positive result. That is, intervention has to make each other's work easier. Especially, machine agent's intervention might disturb the human agent. Therefore, it is important to properly blend the human reasoning and machine calculus when design the cooperation system (Hoc, 2001) .
Cooperation system is classified into following four categories in term of the levels of autonomy (Bruemmer et al., 2002) ; teleoperation, safe mode, shared control, and full autonomy (Table 1) . Among them, this study focuses on the shared control system. To relief the human agent from the burden of direct control is the main goal of the shared control system. In this system, the machine agent can take the initiative to choose its own path, responds autonomously to the environment (Bruemmer et al., 2002) . The mechanism of the machine agent is reactive rather than deliberative. This kind of system has been applied mainly to special fields such as surgery (Kragic et al., 2005) and micro-assembly (Basdogan et al., 2007) . Recently, however, it has been applied to everyday life such as automobile (Griffiths & Gillespie, 2005; Mulder et al., 2008) . Shared control system has many advantages. It can reduce the workload and improve overall performance of system. However, several issue may be arisen while using the shared control system (Mars et al., 2014) . Because machine and human agents operate at the same time, these issues are important to both of them. There are, however, only few studies that consider human factor issue of the shared control system. Therefore, this study aims to collect and classify human factor issues that can occur in the shared control system through literature review. This paper is organized as follows. First, criteria for literature collection is introduced in section 2. Section 3 presents human factor issues derived from analyzing collected literature in detail. Section 4 concludes the paper.
Method
In this study, literature related to the shared control system is collected to derive human factor issue of such system. It contains literature related to design guideline for the shared control system, evaluation of the system as well as definition of the system. Literature that is related to automation and system autonomy are also considered. Because this study focuses on the perspective of human side, literature that only conducts objective evaluation of the shared control system is excluded.
Human factor issues are collected from selected literature. In addition, subjective evaluation criteria used in the evaluation of the actual system were collected. Related problems are identified from those evaluation criteria. Through this process, all human factor issues that can be considered in the shared control system are collected. After merging similar issues, human factor issues of the shared control system are finalized.
Results & Discussion

Literature collection
A total of 15 literature that corresponded to the purpose of the study were collected. Many studies evaluate the shared control system. Most of the study using only objective criteria. Only five studies evaluate the shared control system in terms of the human agent. It is thought that there is not enough study on the human factor aspect of the shared control system.
Human factor issues of the shared control system
This study suggests 7 human factor issues to be considered for the shared control system. Table 2 shows the issues in the order how many they are mentioned in Table2. Human factor issues of the shared control system Classification Explanation Number of literature Control authority User feel that he/she has the control authority rather than the system. 8 Trust User can trust the system. 7 Workload
The system reduce the user's workload. 7 Performance
The system improve the performance. 6 Understand User can easily learn how the system works. 5 Confidence User feel that he/she controls the system properly. 4 Intrusiveness Whether the system disturbs user. 1 the literature. Detailed explanation of each issue is provided in this section. Control authority is the most mentioned issue in the literature. Shared control system is in the middle of the full manual mode and full autonomy mode. Both human and machine agents can assess the environment and initiate its work (Bruemmer et al., 2002) . Therefore, sometimes human agent's judgment and required action conflicts with those of the machine agent in the process of achieving the common goal. Many works of literature argue that it has to be possible to override machine's action in this situation because of risk-related problem (Mars et al., 2014) . In other words, the human agent must have the final decision-making. If it is violated, human agent may feel of being overwhelmed by the machine agent (Mars et al., 2014) .
Trust issue has to do with relatively long-term use of the system (Abbink et al., 2012) . Trusting the operation of the system is directly related to the adoption of system by the human agent. Therefore, trust is one of the biggest challenges in the autonomous field (Bruemmer et al., 2002) . If human overly reliant on the system, however, problems related to over trust and over reliance can arise. Therefore, an appropriate level of trust is needed (Akamatsu et al., 2013) .
Workload and performance issues are related to the goal of using the shared control system. The main goal of shared control is to keep the human in the loop and provide assistance improving task performance at reduced levels of physical or mental load . The degree of reduction of the workload and the improvement of the performance that are perceived by the human agent may not be proportional to the actual performance of the machine. However, perceived workload and performance are directly related to the human's overall satisfaction of the system. For this reason, perceived degree of workload and performance are most frequently used as subjective evaluation criteria of actual system (Czakaj, 1998; Tsoi et al., 2010; Forsyth & Machlean, 2006; Tricot et al., 2004) .
Understand category means that how much human can easily and intuitively understand the operating principle of the system (Abbink et al., 2012; Akamatus et al., 2013; Billings, 1997; Bruemmer et al., 2002; Hoc, 2001) . Various problems are able to arise when the human agent does not understand the machine agent properly from the perspective such as capabilities, boundaries of operation, current functionality or goals (Abbink et al., 2012) . For example, the efficiency of the system may decrease and risky situation may arise. Therefore, both human and machine agents must be able to accurately grasp each other's objective and operating principle. In particular, human agent should be able to easily and quickly understand the mechanism of the machine agent in order to prevent serious problems. Easily and quickly understanding machine makes it possible to blend machine's mechanism with human's capability in a short time.
Confidence means that the human agent feels that he or she is using the system in an appropriate way (Tricot et al., 2004) . Human agent may have an question about whether he or she uses the system properly if the human agent cannot get any information from the system despite using it. In order to solve problems related to this issue, many studies argue that the system has to provide continuous feedback to notify machine's boundaries, functionality etc. (Forsyth & Machlean, 2006; Norman, 1990; Abbink et al., 2012) .
Finally, intrusiveness refers to the behavior of the machine agent that annoys the human agent (Tricot et al., 2004) . This issue frequently appears in the system that the human agent and the machine agent operate in the same control method at the same time. For example, there are two ways that machine controls the output. One is input-mixing shared control, which influences the input to the controlled system, and the other is haptic shared control, which affects the forces directly on the control interface . Unlike input-mixing shared control, haptic shared control generates direct intervention to human agent's control. Therefore, human agent is more likely to feel the control behavior of the machine agent as a disturbance when using haptic shared control system.
Relation between issues
The presented issues in this study are expected to be correlated with each other. Some issues can be solved in a similar way on the machine agent side. For example, various factors affect the trust issue. Trust issue can be solved in many ways depending on the situation in which the system is used or characteristic of the human agent. Some of these solutions also help improve other issues.
On the contrary, some issues are in a trade-off relationship under certain circumstances and may not be satisfied at the same time. For example, although simplifying the working algorithm of the machine can solve the understand issue, it reduces the performance of the system. Another example is that providing various feedback may increase the confidence while it provokes intrusiveness issue at the same time.
In order to apply the proposed issues in real cases, therefore, it is necessary to adjust issues considering the correlation between them according to the application purpose. Thereafter, issue classification system is going to be more useful by setting the importance level according to the situation in which the system is used.
Conclusion
In this study, literature related to the shared control system is collected. Problems in terms of human factor, design guideline and subjective evaluation criteria are collected from literature. Seven human factor issues are derived by merging them.
With the development of technology related to machine automation, increasing number of system adopts shared control system. Although there are many studies for better system, only few studies focus on the human perspective. To develop more efficient system, it is necessary to reflect human's subjective evaluation as well as objective performance of machine.
The result of this study can be used to create a design guideline for various kinds of shared control system. In addition, systematic subjective evaluation criteria can be provided in the system development stage. By considering human factor issues that may occur in the shared control system, it is expected that system users can gain better experience.
